Weak boson scattering processes provide particularly promising means for gaining insight into the mechanism of electroweak symmetry breaking at hadron colliders. Being very sensitive to interactions in the weak gauge boson sector, they will help to distinguish the Standard Model from various new physics scenarios such as extra-dimensional Higgsless models. To unambiguously identify signatures of new physics, precise predictions for experimentally accessible observables within realistic selection cuts are crucial, including next-to-leading order QCD corrections. Here, we review how flexible Monte-Carlo methods can be employed for precision analyses of weak boson scattering reactions within the Standard Model and beyond.
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Weak boson scattering processes provide particularly promising means for gaining insight into the mechanism of electroweak symmetry breaking at hadron colliders. Being very sensitive to interactions in the weak gauge boson sector, they will help to distinguish the Standard Model from various new physics scenarios such as extra-dimensional Higgsless models. To unambiguously identify signatures of new physics, precise predictions for experimentally accessible observables within realistic selection cuts are crucial, including next-to-leading order QCD corrections. Here, we review how flexible Monte-Carlo methods can be employed for precision analyses of weak boson scattering reactions within the Standard Model and beyond. 
Introduction
Weak boson fusion (WBF) processes have been identified as a particularly promising class of reactions for gaining insight into the mechanism of electroweak symmetry breaking. Higgs production via WBF is considered as possible discovery mode for the iso-scalar, scalar resonance predicted by the Standard Model (SM). Once a SM-like Higgs boson has been found, WBF processes will help to determine its spin and CP properties and measure its couplings to gauge bosons and fermions. In many physics scenarios beyond the SM, electroweak symmetry breaking is realized by new interactions in the weak sector. Bulk-gauged extra-dimensional Randall-Sundrum models [1] feature, for instance, infinite towers of new massive vector resonances, referred to as "Kaluza-Klein excitations". As shown in [2, 3] , one can arrive at models that implement electroweak symmetry breaking by appropriately chosen conditions on the boundaries of the static finite-sized Randall-Sundrum background for the gauge fields. Thereby any scalar is removed from the theory's spectrum, giving rise to an effective "Higgsless model" in four dimensions. In WBF processes the signatures of such non-SM like scenarios should be pronounced and wellobservable [4, 5] , as a priori large background processes can be tamed efficiently by the application of dedicated selection criteria.
In order to unambiguously distinguish various signatures of new physics from the SM scenario, a precise, quantitative understanding of weak boson scattering reactions is essential, requiring the computation of next-to-leading order (NLO) QCD corrections to electroweak VV j j production (V denotes a W ± or a Z boson). Experimentally, very clean signatures are expected from the leptonic decay modes of the weak gauge bosons. Being implemented in a flexible parton-level Monte-Carlo program, the kinematic features of this class of reactions can be explored, allowing for the design of selection criteria that help to distinguish the WBF signal from various QCD backgrounds.
In this contribution, we will review the NLO-QCD calculations that have been performed for weak boson scattering processes within the SM [6] and a representative model of new physics [7] , taking leptonic decay correlations fully into account. In each case, NLO-QCD corrections to total cross sections are at the few-percent level and residual scale uncertainties of the NLO results are small. However, the shapes of some distributions change noticeably when going from LO to NLO. The application of dedicated selection cuts should allow for the separation of the WBF signal from various backgrounds [5] .
Outline of the Calculation
WBF production of a 4 leptons + 2 jets final state in pp collisions mainly proceeds via the scattering of two (anti-)quarks by t-channel exchange of a weak boson with subsequent emission of two vector bosons, which in turn decay leptonically. Non-resonant diagrams, where leptons are produced via weak interactions in the t channel also have to be considered. Various interference effects and same-flavor annihilation contributions are negligible in the phase-space regions where WBF can be observed experimentally and therefore entirely disregarded (see, e.g., [8] for explicit predictions for these contributions in the WBF H j j mode). The calculation of the relevant tree-level matrix elements is straightforward and can be accomplished numerically with the amplitude techniques of Refs. [9] .
At NLO, real-emission and virtual corrections to the Born amplitude arise. Infrared singularities emerging in intermediate steps of the calculation are regularized in d = 4 − 2ε dimensions and handled with the dipole subtraction formalism of Ref. [10] . The real-emission contributions are obtained by attaching an extra gluon to the tree-level diagrams in all possible ways, giving rise to (anti-)quark initiated subprocesses with an additional gluon in the final states as well as contributions with a gluon in the initial state.
The virtual corrections comprise the interference of one-loop diagrams with the Born amplitude. Due to the color-singlet nature of the t-channel weak boson exchange, only self-energy, triangle-, box-, and pentagon corrections to either the upper or the lower quark line have to be considered. The singularities of these contributions associated with infrared-divergent configurations are calculated analytically and canceled by respective poles in the integrated counter-terms of the dipole subtraction approach. The finite terms are evaluated numerically by the tensor reduction procedures of Refs. [11] . For details of the calculation, the reader is referred to Refs. [6, 7] .
Results
The cross-section contributions discussed above for the various production modes have been implemented in a flexible parton-level Monte-Carlo program which allows the user to compute cross sections and kinematical distributions within the SM and a Warped Higgsless model for experimentally feasible selection cuts [12] . Here, a few representative results for WBF W + W + j j and W + Z j j production are shown.
We use the CTEQ6M parton distributions with α s (m Z ) = 0.118 at NLO and the CTEQ6L1 set at LO. We chose m W = 80.423 GeV, m Z = 91.188 GeV, and G F = 1.166 × 10 −5 / GeV 2 as electroweak input parameters. Thereof, α QED and sin where p T j denotes the transverse component and y j the rapidity of the (massive) jet momentum which is reconstructed as the four-vector sum of massless partons of pseudo-rapidity |η| < 5. The two reconstructed jets of highest transverse momentum are referred to as "tagging jets". We impose a large rapidity separation between the two tagging jets,
and require that they be located in opposite hemispheres of the detector,
3) with an invariant mass M j j > 600 GeV . For the charged leptons we request 6) where ∆R jℓ and ∆R ℓℓ denote the jet-lepton and lepton-lepton separation in the rapidity-azimuthal angle plane. In addition, the charged leptons are required to fall between the two tagging jets in rapidity,
In order to estimate the impact of NLO-QCD corrections on various kinematic distributions, we define the dynamical K factor as Figure 1 shows the transverse momentum distributions of the tagging jet with the highest p T in pp → e + ν e µ + ν µ j j via WBF together with their K factors for different choices of the factorization and renormalization scales, µ F and µ R , which are taken as multiples of the scale parameter µ 0 , Fig. 3 we show the transverse cluster mass of the decay-lepton system in pp → e + ν e µ + µ − j j together with the differential K factor in a representative Warped Higgsless scenario. As in the SM, NLO-QCD corrections are small, but give rise to noticeable shape distortions.
Summary and Conclusions
In this contribution, we have reviewed NLO-QCD calculations for weak boson scattering processes at the LHC within the SM and representative models of new physics. NLO-QCD corrections to total cross sections within WBF-specific selection cuts are moderate for all production modes. However, the shape of some distributions can change substantially beyond LO, in particular if a fixed factorization scale is used.
